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INTRODUCTION 
There is a need to nondestructively evaluate coatings on metal alloys 
that must endure high-temperature or hi9hly oxidizing environments, such as 
for aircraft turbine blades. Such coatings are opaque and of the order of 
25 pm in thickness. Characteristics of interest include the uniformity and 
thickness of the coating, which must be sufficient to protect the substrate 
from oxidation at high temperatures. 
In this paper we report the results of measurements on samples of IN 
738 alloy substrates covered by AEP 32 coatings. The samples were in the 
forms of cylindrical reference standards and actual aircraft turbine 
blades. Characterization methods included photothermal-optical-beam-
deflection (PTOBD) imaging [1], optical microscopy, and surface profilom-
etry, with the principal method being the first. 
RESULTS 
A turbine blade is shown in Fig. 1. The coating has been abrasively 
removed to the right of the arrow exposing the substrate. Optical micro-
graphs of 1.14 mm x 0.889 mm areas on each side of the boundary indicated 
by the arrow in Fig. 1 are shown in Fig. 2. The substrate, shown in Fig. 
2a, exhibits inclusions typical of metal alloys and scratches (presumably 
put there by the abrasion process). The coating, shown in Fig. 2b, 
exhibits a porous, sponge-like appearance. Evidently, the coating is 
nonuniform. 
A transverse PTOBD amplitude contour map of a 1 mm x 1 mm area near 
the boundary between coated substrate and exposed substrate indicated by 
the arrow in Fig. 1 is shown in Fig. 3. The boundary is clearly visible as 
a dark arc across the center of the figure. The exposed substrate is in 
the upper part of Fig. 3; the coated substrate is in the lower part of Fig. 
3. This photothermal image indicates that the coated substrate has thermal 
inhomogeneities on a scale of 0.1 rom, whereas the exposed substrate is 
relatively homoge,neous. 
In Fig. 4, a profilometer scan across the boundary between the exposed 
substrate and the coated substrate is shown. The surface roughness of the 
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Fig. 1 Photograph of turbine blade: IN 738 alloy substrate, AEP 32 coating. 
coating can be seen to be greater than the surface rouyhness of the sub-
strate. 
Three standard samp1es of cy1indrica1 shape were studied: (a) UC#12, 
12.1 mm in diameter x 10.5 mm 10ng, with a nominal coating thickness of 
38-51 ~m; (b) DC#13, 12.1 mm in diameter x 9.6 mm 10ny, with a nominal 
coating thickness of 25-38 ~m 10ng; (c) DC#15, 12.1 mm diameter x 10.5 mm 
10ng with a nominal coating thickness of 56-64 ~m. Optica1 micrographs of 
a 572 ~m x 445 ~m area of the coating surface are shown for each samp1e in 
Fi g. 5. 
Fig. 2 Optical micrographs of 1.14 mm X 0.889 mm area on turbine blade: (a) substrate, 
(b) coating. 
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Fig. 3 Transverse PTOBO amplitude contour map of area near substrate-coating interface 
on turbine blade, f = 2 kHz. 
Normal PTOBD amplitude contour maps of a 500 ~m x 500 ~m area of the 
coating on the three cylindrical samples are shown in Figs. 6, 8, and 9. 
In each case, the photothermal images indicate substantial thermal inhomo-
geneity. The transverse PTOBD amplitude contour map of Fig. 7 should be 
compared with Fig. 6. The area imaged in Fig. 7 is shifted along the x 
axis to the left of the imaged area of Fig. 6 by 150 ~m. Generally, the 
thermal inhomogeneities that are so prominent in the normal" component of 
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Fig.4 Profilometer scan across substrate-coating interface on turbine blade. 
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Fig. 6 Normal PTOBO amplitude contour map of 500 ţ.lm X 500 ţ.lm area of coating on 
sample No. 12, f = 2 kHz. 
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Fig. 7 Transverse PTOBD amplitude contour map of 500 ţ.lm X 500 /lm area of coating on 
sample No. 12, f = 2 kHz. 
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Fig. 8 Normal PTOBD amplitude contour map of 500 /lm X 500 /lm area of coating on 
sample No. 13, f = 500 Hz. 
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Fig. 9 Normal PTOBD amplitude contour map of 500 /lm X 500 /lm area of coating on 
sample No. 15, f = 500 Hz. 
beam deflection of Fig. 6 are not prominent in the transverse component of 
beam deflection of Fig. 7. The "hot spot" shown near the origin in Fig. 7 
is an area not included in the area imaged in Fig. 6. 
DISCUSSION 
The results of the PTOBD imaging measurements clearly show that in 
each sample studied the AEP 32 coatings are substantially inhomogeneous. 
The lateral dimensions of the inhomogeneities may be several times as large 
as the nominal coating thickness. It is not known at this time if the 
observed inhomogeneities are due to variations in the coating composition, 
variations in the coating thickness, variations in heat transfer from 
coating to substrate (an indication of bonding variation), or all of the 
above. Surface profilometry reveals that surface topography variations can 
be of the order of 25% of the nominal coating thickness or greater. 
Optical micrographs reveal coating variations on a scale consistent with 
the other two methods of measurement. These coating variations, 
particularly the thickness variations, are serious potential failure 
hazards. 
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